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EXAMINER'S AMENDMENT 

An examiner's amendment to the record appears below. Should the changes and/or 
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the 
payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview with 
Mr. William Haefliger on March 6, 2006. 

The application has been amended as follows: 

IN THE SPECIFICATION 

On page 20, line 2: "WATER-GAW" has been changed to --WATER-GAS--. 

IN THE CLAIMS 

Claims 1-15 (cancelled). 

Claim 16 (new). A thermally-integrated water-gas shift reactor for reducing the 
concentration of carbon monoxide contained in a hydrogen-rich reformate gas, according to the 
water-gas shift reaction, said reactor comprising: 

an inner generally cylindrical vessel containing a volume of boiling water, said inner 
generally cylindrical vessel defining a waste-heat recovery steam generator for recovering 
reaction heat generated by the water-gas shift reaction to produce steam from the boiling water; 

an outer generally cylindrical vessel disposed concentrically about the inner generally 
cylindrical vessel to define an annular space therebetween, said outer generally cylindrical vessel 
having an outer surface that is exposed to the atmosphere; 
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a helical coil inserted within the annular space, said helical coil being welded to both the 
outer surface of the inner generally cylindrical vessel and the inner surface of the outer generally 
cylindrical vessel; 

a reaction zone defined by the space confined between the helical coil, the outer surface 
of the inner generally cylindrical vessel, and the inner surface of the outer generally cylindrical 
vessel, said reaction zone being filled with a water-gas shift catalyst for catalyzing the water-gas 
shift reaction; 

an inlet for supplying reformate gas to the reaction zone; and 

an outlet for discharging reformate gas, with a reduced concentration of carbon 
monoxide, from the reaction zone; 

wherein the reformate gas that is supplied to the reaction zone is directed through the 
catalyst in a helical manner, around the waste-heat recovery steam generator; and 

wherein the helical coil functions as an extended heat transfer surface to enhance the rate 
of heat transfer between the reaction zone and the waste-heat recovery steam generator. 

Claim 17 (new). The reactor according to claim 16, wherein the waste-heat recovery steam 
generator is configured to operate under a temperature within the range of 360 °F to 450 °F, said 
temperature being optimum for conducting the water-gas shift reaction. 

Claim 18 (new). The reactor according to claim 16, wherein the waste-heat recovery steam 
generator is configured to operate under a temperature within the range of 385 °F to 400 °F, said 
temperature being optimum for conducting the water-gas shift reaction. 

Claim 19 (new). The reactor according to claim 16, wherein the catalyst comprises a 
catalytically active mixture of copper and zinc metals. 
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Claim 20 (new). The reactor according to claim 19, wherein the boiling water functions to 
heat the catalyst during start-up, and wherein the catalyst supplies reaction heat to the boiling 
water for generating steam during operation. 

Claim 21 (new). The reactor according to claim 16, wherein the width of the annular space 
is between 1 and 2 inches, to minimize the temperature differential between the wall of the inner 
generally cylindrical vessel and the wall of the outer generally cylindrical vessel, and wherein 
the helical coil is configured to increase the flow velocity of the reformate gas through the 
reaction zone for a given space velocity, said space velocity being in the range of 500 hr" 1 to 
2,000 hf 1 . 

i 

Claim 22 (new). The reactor according to claim 16, wherein the catalyst is maintained at a 
temperature within the range of 370 °F to 550 °F. 

Claim 23 (new). The reactor according to claim 16, wherein the catalyst is maintained at a 
temperature within the range of 400 °F and 450 °F. 

Claim 24 (new). The reactor according to claim 19, wherein the width of the annular space 
is between 1 and 2 inches, to minimize the temperature differential between the wall of the inner 
generally cylindrical vessel and the wall of the outer generally cylindrical vessel. 

Claim 25 (new). The reactor according to claim 19, wherein the helical coil is configured to 
increase the flow velocity of the reformate gas through the reaction zone for a given space 
velocity, said space velocity being in the range of 500 hr" 1 to 2,000 hr" 1 . 

Claim 26 (new). The reactor according to claim 16, wherein at least one heat transfer 
conduit is immersed in the volume of boiling water within the waste-heat recovery steam 
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generator, said at least one heat transfer conduit being in fluid communication with a source of 
combustion products for heating the boiling water. 


located in an upper part of the reaction zone, and the outlet for reformate gas, with the reduced 
concentration of carbon monoxide, is located in a lower part of the reaction zone; and 

at least one heat transfer conduit is immersed in the volume of boiling water within the 
waste-heat recovery steam generator, said at least one heat transfer conduit being in fluid 
communication with a source of combustion products for heating the boiling water. 


Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jennifer A. Leung whose telephone number is (571) 272-1449. 
The examiner can normally be reached on 9:30 am - 5:30 pm Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Glenn A. Caldarola can be reached on (571) 272-1444. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 


Claim 27 (new). 


The reactor according to claim 16, wherein the inlet for reformate gas is 
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